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Abstract 

In phenomenological models with D-branes, there are in general open-string 
massless scalar fields, in addition to closed-string massless moduli fields correspond- 
ing to the compactification. It is interesting to focus on the fate of such scalar 
fields in models with broken supersymmetry, because no symmetry forbids their 
masses. The one-loop effect may give non-zero masses to them, and in some cases 
mass squared may become negative, which means the radiative gauge symmetry 
breaking. In this article we investigate and propose a simple method for calculat- 
ing the one-loop corrections using the boundary state formalism. There are two 
categories of massless open-string scalar fields. One consists the gauge potential 
fields corresponding to compactified directions, which can be understood as scalar 
fields in uncompactified space-time (related with Wilson line degrees of freedom). 
The other consists "gauge potential fields" corresponding to transverse directions of 
D-brane, which emerge as scalar fields in D-brane world-volume (related with brane 
moduli fields). The D-brane boundary states with constant backgrounds of these 
scalar fields are constructed, and one- loop scalar masses are calculated in the closed 
string picture. Explicit calculations are given in the following four concrete models: 
one D25-brane with a circle compactification in bosonic string theory, one D9-brane 
with a circle compactification in superstring theory, D3-branes at a supersymmet- 
ric C^/Za orbifold singularity, and a model of brane supersymmetry breaking with 
D3-branes and anti-D7-branes at a supersymmetric C^/Zs orbifold singularity. We 
show that the sign of the mass squared has a strong correlation with the sign of the 
related open-string one-loop vacuum amplitude. 



1 Introduction 



It is important to investigate the fate of tree-level massless scalar fields in string models, 
because no elementary massless scalar field has been observed. Recent developments on 
the moduli stabilization (for a review, see Ref. [1]) mainly focus on closed-string massless 
scalar fields: complex structure moduli, Kahler moduli and dilaton. In supersymmetric 
models with D-branes open-string massless scalar fields, which are superpartners of the 
corresponding fermion fields, may become massive through spontaneous supersymmetry 
breaking (for a review of string models with D-branes, see Ref.p]). In D-brane models 
with broken supersymmetry there are open-string massless scalar fields which are not 
the superpartners of any fermion fields. Such scalar fields may become massive through 
the one-loop radiative correction, and it is possible that their squared masses become 
negative and the radiative gauge symmetry breaking is triggered. This is a very interesting 
possibility for TeV-scale string models [3] (for a review, see refs.|ll E]), in which such a 
scalar field can be identified as the Higgs doublet field for the electroweak symmetry 
breaking P, [7j. This can be a candidate of the mechanism of natural and necessary 
electroweak symmetry breaking. 

Although the construction of phenomenological models with D-branes becomes pos- 
sible by the modern understanding of open strings [H [H [TOl [11], [12], |13l HH [15] (for a 
review, see Refs. [T6] [T7]). the technique for actual calculations of amphtudes, for exam- 
ple, "two-point functions" for the mass, remains technically complicated in general. For 
example, the concrete construction and usage of open string vertex operators are not sim- 
ple straightforward tasks, and the integration over the places of the vertex operators are 
sometimes non-trivial requiring regularization of divergences or subtraction of physical 
divergences with some physical interpretations (see Ref. [18] for the simplest case). 

In Ref. [19] one-loop corrections to equations of motion of open-string low-energy effec- 
tive fields are investigated using the closed-string boundary state formalism. The actual 
calculations are simplified by going to the closed string picture from the open string pic- 
ture, because the one-loop effects in the open string picture can be understood as the 
tree-level propagations of closed strings between D-branes (and orientifold fixed planes) 
due to the open-closed string duality. The main non-trivial point is the construction 
of closed-string boundary states which include open-string backgrounds. In Ref. [IH] the 
boundary state with the general gauge field background is constructed assuming that open 
strings can propagate in all the space dimensions (open strings with Neumann boundary 
condition in all the space directions, or space-filling D-brane). The procedure is the follow- 
ing. First, "boundary coordinate operators" are identified, and the eigenstates of those 
operators are constructed. The eigenvalues are called "boundary coordinates". Next, 
the "boundary action" corresponding to the general background gauge field is identified. 
The boundary action is described by boundary coordinates. Finally, the boundary state 
is obtained by integrating the eigenstates over boundary coordinates with the weight of 
the boundary action. It is possible to incorporate open-string Dirichlet boundary con- 
dition through simple duality arguments. It is also possible to identify the boundary 
action corresponding to the background open-string scalar field through the observation 
that open-string massless scalar fields correspond to some special components of gauge 
potential fields. 
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The boundary action with the general background gauge field in Ref. [19] (in Euclidean 
metric) is 



^CLNY ^ ^ / 



where a and r are world-sheet coordinates (r = denotes the boundary of closed strings), 
X'^ are bosonic "boundary fields" described by bosonic boundary coordinates, 6'^ are 
fermionic boundary fields described by fermionic boundary coordinates, are gauge 
potential fields and F^^, is the gauge field strength field. It is described in Ref. [T9j that 
this boundary action "represents a condensate of photon vertices". In case of constant 
gauge potential field, which we discuss in the next section, it is simple to take a part of 
Polyakov action with the background gauge field (in Minkowski metric) 

Sa = - r da[A,d^X^X^^. (2) 
Jo 

This actually corresponding to the first term of Eq.([l]) with a different normalization. The 
normalization of the gauge field in Eq.([2]) is clearly known, because the action is used to 
derive the Dp-brane effective action (Dirac-Born-Infeld (DBI) action) 

Sp = -r°^i j rfP+^e V- det iG + B + 27ra'F), (3) 

where T^^^ is the tension of Dp-brane, and $, G and B are closed string massless fields. 

At first glance the boundary action of Eq.([2]) seems always to be zero in case of 
the constant gauge potential field, because the closed-string bosonic world-sheet fields 
should have the period 27r in a. This actually corresponds to the fact that the 
constant gauge potential field is not physical by itself in ordinary situations. There are 
two situations in which X^ may not have the period 2tt in a. In case of that some space 
dimensions are compactified, X'^ of compactified directions do not necessarily have the 
period 27r in a, because of the existence of closed string winding modes. In this case 
the corresponding components of the gauge potential field can be identified to the scalar 
fields which are related with Wilson line degrees of freedom [B]. In case that a stack of 
D-branes is at some orbifold singularity, X'^ of directions perpendicular to the D-branes 
do not necessarily have the period 27i in a, because of the existence of twisted closed 
strings. In this case the corresponding components of the gauge potential field also can 
be identified to the scalar fields which are related with brane moduli fields [7j. 

In the next section, we review the construction of boundary states by the method of 
Ref. [19]. and apply the method to construct the boundary states with the open-string 
background fields corresponding to the above two cases. We consider three concrete 
models for simple explanations of the method to calculate the one-loop mass of the scalar 
field. In section |3] for the case of winding closed string exchanges, we consider two models: 
one D25-brane with a circle compactification in bosonic string theory and one D9-brane 
with a circle compactification in type IIB superstring theory. In section H] for the case 
of twisted closed string exchanges, the model of D3-branes at a supersymmetric C^/Zs 
orbifold fixed point (or singularity) is considered. The one-loop corrections to the scalar 
masses are concretely calculated in each section. In section [5] we apply the method to 
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a simple but non-trivial non-tacliyonic model without supersymmetry: D3-branes and 
anti-D7-branes at a supersymmetric C^/Za orbifold singularity. We encounter the diver- 
gence due to the tadpole couplings of massless twisted NS-NS fields with D-branes. The 
application of tadpole resummations to obtain finite result is sketched. In section |6] we 
make some comments about the application to phenomenological models. All through 
the paper, we will be explicit in fundamental definitions towards future applications. 



2 Boundary states with open-string backgrounds 

We review the prescription of Ref.[TH] for constructing closed-string boundary states in 
type JIB superstring theory with fiat ten-dimensional space-time. 
The mode expansion of closed-string world-sheet boson fields is 

X^(a,T) =x^ + a'p^r + ^^^^Y. " K^-^^-^)"^ + <e-^(-+'^)™} , (4) 

V 2 ^ — ^ m 

and the quantization gives 

[x^pI = ^r/'^^ [a';,, <] = [a^^, <] = m5^,.^v^'' (5) 

with {al^y = atm and (a^)^ = (^-m- Consider the propagation of a closed string. The 
corresponding world-sheet is a cylinder and we take the world-sheet coordinate so that 
r = denotes one boundary of the cylinder. At the boundary 

X^{a, r = 0) = + 5^ [{a^ + e"''-'^ + {~a^^ + a^_^} e^'"-] , (6) 

where 



jm 

m=l 



with the commutation relations normalized as that for harmonic oscillators: 

K, a?: J = 5^,„r/^^ K, J = 6m,nV'"' (8) 

in the unit of a' = 2. (We always explicitly write the a' dependence in this article, except 
for the above equations.) We see that specific combinations of 

appear at the boundary, and these operators are called "boundary coordinate operators" 
with the zero mode operator x'^. Note that the condition for the closed string 

OO 

a„X^(a,r = 0) = i J] v^j-x^^e-^'"'^ + ^e^"^"} = 0, (10) 

m=l 



which corresponds to the Neumann boundary condition of the open string, is simply 

described as = x'^^ = 0. 

The eigenstates of these boundary operators with eigenvalues xf^ and xf^, namely 



for m > 0, can be explicitly constructed as 

\x, x) = exp I ~{x\x) - (a^|a^) + {a^\x) + {x\a^) \ |0), (12) 



where 



2 °" 



[x\x ) 

a' 



m=l 

and the same for the others. These states satisfy the completeness condition 

/kI>.|..^)(..^| = 1. (14) 



where 

9 oo 



vxvx = n n (15) 

fi=0 m=l 

We define the normalization factor Mx so that 



/ 



mPxe-(^l^) = 1. (16) 
It is easy to understand that 

\B^) = J VxVx\x,x) (17) 

is a part of the boundary state of space-fiUing D9-brane which satisfies 

<l^^)=d^^) = (18) 

for m > 0. The integral reduces to simple Gaussian integrals. 

The boundary coordinates for world-sheet fermions are defined in a similar way. The 
mode expansion of closed-string world-sheet fermion fields is 

oo oo 
m=— oo m=— oo 

where k = 1/2,0 denote Neveu-Schwarz (NS) and Ramond (R) sectors, respectively. The 
quantization gives 

= = (20) 

with {ipl^y = and (V^^)t = ^^r- 
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The condition for the closed string which corresponds to the Neumann boundary 
condition for the open string is 

'iPl(a,T = 0) -riii;t{a,T = 0) = 0, (21) 

where t] = ±1 is the parameter to be related with the GSO projection. The "boundary 
field" is defined as 

e''{a;ri) = iPl{a,T = 0) - riii;^{a,T = 0) (22) 

with mode expansion 

oo 

e>^{a-v)= C+«e-^'^^"+"^- (23) 

m=— oo 

Substituting mode expansions to the boundary condition gives (r = Z + k) 

= ^i; - r^ii,'^^ = 0. (24) 

The boundary coordinate operators ^(f are defined such that they vanish at the boundary 
by the boundary condition in accordance with that for xf^ and x'^. We may drop the r] 
dependence of 6*^, since the algebra 

{6^,6':} = 0, {elo:} = (25) 

has no dependence on r], where r, s > and 6^, = Ot^- There are zero mode boundary 
coordinate operators 9q in Ramond sector whose multiplications to the Ramond ground 
state give spinor states multiplied by corresponding anti-symmetric products of gamma 
matrices (see Ref.[T9] for detail). We will not discuss about this operators, because they 
are irrelevant to the main topics of this paper. 

The eigenstates for the boundary coordinate operators dff and 9^. (r > 0) can be 
obtained as 

\e, e- T]) = exp l^-^m - vKi^^^^) + (V^V) + vmi'^)^ |o), (26) 

where 

oo 

{e\e)^Y.'^,J>^^';, (27) 

r>0 

and the same for the others. These states satisfy the completeness condition 



j Veve\e,9;ri){9,e;ri\ = l, {2t 



where 

9 00 

veve = KY[Y[ de^de^. (29) 

We define the normalization factor Afe so that 

VeVOe-'^^^^^ = 1. (30) 



It is easy to understand that 

\Bt-^7i) = j veve\e,e;7]) (31) 

is a part of the boundary state of space-filhng D9-brane which satisfies 

Oi^lBt) = K\Bt) = (32) 

for r > 0. The integral, again, reduces to simple Gaussian integrals. 

The contributions of world-sheet ghost fields to the boundary state are determined by 
imposing BRST invariance. They are obtained as follows (see Ref. [20] for details). The 
6c-ghost contribution is 



oo 



l^gh) = n ei'-'--'-'-") ■ ^^|0)bc|0)b„ (33) 

n=l 

where the mode expansions are 

oo oo 

6+(a,r)= ^me-'^"+'^)", b_{a,r) = J] fe^e-^^^"'^)"^, (34) 



oo oo 



c+(or,r)= J2 £-6-^^"+'^)™, c_(a,r)= ^ c^e'^^^-'^)"^ (35) 

»n=— oo ■m=— oo 

satisfying the algebra 

{^m; C„} = C^} — ^m,-ni (36) 

with (6m)^ = ^-m, (cm)^ = c_m, and SO on, and the vacuum state are defined as 

&™|0)bc = C„|0)bc = 0, L|0)bc = Cn|0)bc = (37) 

for m > and n>l. The /57-ghost contributions are 

00 

|Ssgh;r/)NS= n eM^-^'^— /^-^^-0|0)S^g (38) 

r=l/2 

for Neveu-Schwarz sector and 

00 

l^sgh; r])K = n e'^^-^^-^-^-^''-^) ■ \0)^ (39) 

for Ramond sector, where the mode expansions are 

00 00 
(3+{a,T)= J2 /5™+.e-*(^+'^)(™+'^), /3_((7,r)= ^^+,e-*(^-'^)("+'^), (40) 



m=— 00 m=— 00 



7+1^, ^ 



)= Yl 7n^+.e-^(-+'^)("^+'^), 7-(^,r)= E We-^(^-'^)('"+'^) (41) 
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satisfying the algebra 

[7r,/3s] = [7r,/3.] = ^r-,-s, (42) 

with (PrV = —P-r, ilrY = 7-r and so on, and the vacuum states are defined as 

10)^1 = |P = -1)|P = -1), |0)J'^ = |P=-l/2)|P=-3/2). (43) 

Here, P and P denote pictures. The adjoint states of these ghost contributions can be 
obtained by taking Hermite conjugate, except for the vacuum state for Ramond-sector 
/57-ghost should be taken as 

i'{0\ = {P = -l/2\{P = -3/2\. (44) 

The insertion of the 6c-ghost zero mode operator (cq — Co)(&o + ^o) is also understood in 
the definition of the inner product of the 6c-ghost boundary state [2T] . 

The boundary state for Dp-brane for any p can be obtained by taking the dual trans- 
formation in open-string Dirichlet directions. Consider that i is the space index which 
denotes open-string Dirichlet directions. The boundary condition for the closed string 
corresponding to the open-string Dirichlet boundary condition can be obtained by the 
replacement of — > — ipl — > —ipl for m,r 7^ 0. The previous procedure receives 

^ • - j " ■ 

some simple replacements only. The boundary coordinate operators x^, ei and 
(m, r > 0) should be replaced by the corresponding "dual boundary coordinate operators" 
defined as 

e^l. = tPl + r]ttPl^, enl. = tp\ + W^U (46) 

respectively. The operators in the states of Eqs. f|T2|) and fl26|) also receive the appropriate 
replacements. The zero mode boundary coordinate requires a special treatment. We 
have to multiply the operator 5(x* — y*) for each i to the boundary state, which ensures 
that the place of the center of mass of the closed string should be fixed at ?/* at the 
boundary. It is easy to check that the obtained boundary states satisfy closed-string 
boundary conditions corresponding to open-string Dirichlet boundary conditions. 

The contribution of the zero-mode operators of world-sheet fermion fields in the Ra- 
mond sector should be considered separately (see Ref.fSD] for details). The Ramond 
ground state for Dp-brane is given by 

\BI,v)'k' = Mas\A)\B), (47) 
where \A) and \B) are ten-dimensional spinor states with spinor indices A and B and 

M = cr°---rpii^^ (48) 

with ten-dimensional Dirac gamma matrices F'^ and F* with /i = 0, and i = 

p + l,p + 2, ■ ■ ■ ,9, the charge conjugation matrix C = Y^T^T^T^r^ and the chirality 
matrix F^^ = F'^F^ ■ ■ ■ F^. This state satisfies the boundary conditions 

Oi;\Bt;v)^K^ = 0, enh\Bt;r^)^^'> = 0. (49) 
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The adjoint state is obtained by taking the Hermite conjugate 

t\BtA = -mA\{M^)sA. (50) 
except for the minus sign from the Fermi statistics of spinor states, where 

Mt = ^~'^^" rp---r°c. (51) 

1 — ir] 



In the prescription of Ref.|T9] the closed-string boundary state with constant back- 
ground of open-string gauge potential field on Dp-brane is obtained by the integral with 
a weight given by the boundary action of Eq. ([2]) . 

\Bp;ri) = Npj VXVQ e'^^ |x, x, x^j, x^,) ^, ^i,, ^,5; r^) |Sgh) |5,gh), (52) 

where VXVO = VxVxVxDVxoVeVdVdoVeD and 

Sa = -AJ daid^X'^l^^ (53) 
Jo 

with 

00 

[d^XX=o = ^ E {-<e-'™'^ + <e^™'^} . (54) 

771=1 

The eigenstates of the boundary coordinate operators are defined as 

\x,x,xd,xd) = exp | — -(x|x)|j — (a^|a^)|j + (a^|x)|j + (x|a^)|| j> (55) 
■5^~^{x - y) exp |-^(xd|xz))_l + (a^|a^)± - {a^\xD)i. + (xD|a"^)±| |0), 

with 

2 CO p 2 °o 9 

(^|a;)|| = —,^Y^ Vt^Ax""^. {,Xd\xd)^ = ^ 5Z 5Z ^ij^Dm^D^m^ (^6) 
m=l fj,,u=0 m=l iJ=p-\-l 

and 



\e,e, 60,60) = exp|-l(^|e)||-r7^(^t|^t)|| + (^t|^)ll+^,(^|^t)||| (57) 
•exp S^-^{6d\6d)± + V^ii^^\^^)± + (V'^I^d)± - V^iOD\^^)±^ |0), 

with 

00 p 00 9 

(^n^^)ii ^Y.Y. "^^^^rO!;, {0D\eD)± = E E ^^M(^d. (58) 

r>0 ii,u=0 r>0 i,j=p+l 



The normalization factor Np is determined so that the open-string one-loop cylinder vac- 
uum amplitude can be obtained using this boundary state with vanishing background 
field. 

A^P-|-^(4-V)'^. (59) 

Note that the coefficient of the effective action of Eq.Q is T^^^ = Tp/ k, where 
is the reduced Planck mass in ten-dimensional space-time. 

We have to apply the GSO projection to the boundary state. The operation of GSO 
projection operators e*'^^ and e*'^^, where F and F are world-sheet spinor number oper- 
ators (including the effect of /37-ghost), are 

e*-^|Sp;77)Ns = -\Bp; -7])^s, e'^^\Bp,ri)^s = -\Bp; -t])^s, (60) 

e'^^lBp; r])n = (-1)1^^; -r/)R, e'^^\Bp; r])^ = -\Bp; -r])^. (61) 

The factor (—1)^ in R-sector comes due to the matrix M in the boundary state. (Remem- 
ber that the operation of e*'^^ is essentially equivalent to multiply the chirality matrix 
r^^.) To extract the spectrum of type IIB theory the GSO projection should be defined 
as follows [20] . 

1 _^ e*'"^ 1 + e*'"'^ 1 

2 2 '^P' +-'■^^8 = 2 d-^P' +1)ns - \Bp; -1)ns) = |-Bp)NS, (62) 

2 1-^^' +^^^ = 2 + "^^^^ ^ ^^^^ 

For the closed-string boundary state with the constant background of brane moduli 
fields, the boundary action Sa should be replaced by [221 ES] 

/•27r 

Si = -Aj da[drX']^^^ (64) 
^0 

with 

00 

[9rX'] = a'p' + z J2 ^W^e-"^"" - x^L^"^'') . (65) 

m=l 

Note that the boundary action is now described by dual boundary coordinates. 

In case of fiat ten-dimensional space-time both Sa and S\ vanish, because d^X^ and 
the oscillator part of drX^ have the period 27r in a. (The first term of Eq. (l65l) simply 
results the shift of the place of Dp-brane: ^ — 2'n'a'Ai. This Ai is nothing but the 
brane moduli field, and it is not that we are interested in. See below.) For the first case, 
if some space directions in the Dp-brane world-volume are compactified, the boundary 
action 5*^ does not always vanish, because d^X^ does not necessary have the period 2tt 
in a for closed-string winding modes. The vector potential fields Ap, corresponding to 
the compactified directions become scalar background fields in uncompactified Dp-brane 
world-volume, which correspond to Wilson line degrees of freedom. For the second case, 
if the Dp-brane is at some orbifold singularity, the boundary action does not always 
vanish, because drX^ do not have the period 2tt in a for the closed-string twisted modes. 
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The "vector potential fields" , or brane moduli fields, Ai become scalar fields on the Dp- 
brane. In this case, the non-trivial orbifold twist action to open-string Chan-Paton indices 
are necessary so that are not completely projected out, and we need to consider multiple 
Dp-branes. The background fields Ai should be matrix-valued in this case and the action 
weight in Eq. fl52|) should be replaced by tr(Pexp(S';4)). In the following two sections we 
demonstrate the actual calculations of the one-loop mass corrections to the scalar fields 
in these two cases in order. The boundary state given in this section should be modified 
a little in each case. 



3 One-loop masses by winding closed string exchanges 

Consider first one D25-brane in bosonic string theory with 25th space dimension com- 
pactified in circle of radius R. Since the boundary action of Eg. (1531) only depends on 
the bosonic boundary coordinate, this is a simple and sufficient model as the first exam- 
ple. The basic boundary state is that of Eg. (1521) with 26-dimensional space-time and no 
contributions from world-sheet fermions and /57-ghost fields: 



1^25) = iV25 J VxVx e*^^ |x,x)|5gh), (66) 



where A^25 is 

^ 2 16 2 ^ ^ ^ ' 

with p = 25, and 

Sa = -A2, r da[d^X^'']^^^. (68) 
Jo 

In the mode expansion of the world-sheet field X'^^ the integer winding number w is 
included, and we consider it as a new boundary coordinate operator. 

00 

a^X^s ((T, r = 0) = -Rw + z ^ I -x^^e"'"*" + ll^e^'"" } . (69) 



m=l 



We redefine the eigenstates of the boundary coordinate operators as 

\x, x; w) = exp < —-{x\x) — (a^|a^) + (a^|x) + (x|a^) I \w), (70) 



2 

where \w) is the eigenstate of w satisfying 

w\w) = w\w), {w'\w) = 6w'w (71) 
The integral in the boundary action is easily performed: 

Sa = A25 27iR w. (72) 
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Here we temporally consider the boundary action as an operator. The boundary action 
with constant A25 background should be obtained as follows. 

00 „ 

w=—oo 

00 „ 

= N25 e'^^^^^^"' / VxVx\x,x;w)\Bgi,). (73) 



)ii=— 00 



Following the arguments in section [T] with DBI action, the canonically normalized scalar 
field in 25-dimensional space-time is defined as = A2^\/2ttR/ g, where 



l = Tr(2Wf-, 9s^e^^\ (74) 
9^ 9s 



Therefore, we have 



\B2,; 0) = N2, Yl evtn't'^-^^ j VxVx\x, x; w)\B,^). (75) 



u;=— 00 



This is the closed-string boundary state with the constant background of an open-string 
scalar field. The boundary state without the background is clearly 

00 „ 00 
\B25) = N25 Y h^^1^x\x,x;w)\B^^)= Y 1^25;^)- (76) 

w=—oo w=—oo 

The "multipoint functions" of are given by 

00 

{B2,-A\D\B2,;<P)= Y e''vtn^'^^-{B2,;w\D\B2,;w), (77) 

ui=— 00 

where 

/ poo /•2n 

D = — dt dip z^'>z^° (78) 
^^Jo Jo 

with z = e~*e*'^ is the closed-sting propagator operator [20]. This is simply an weighted 
sum over w of the open-string one-loop vacuum amplitudes corresponding to the tree-level 
propagations of w twisted closed strings. This is the way how the spectrum in the string 
theory appears in "multipoint function" of in this case. The explicit calculations give 

rv' 2 1 

(^25; ^11^1^25; w) = 2n'- — - NUV2,2nR) / ds e-if--'^— — -j, (79) 

where s = t/TT. We obtain the "two-point function" as 



A2 = -^'29\2.Rf . {2.'-Nl,) . V2, Y^" ds e'^-'^y;;^, (80) 

w=—oo ^ 
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and the mass of the scalar field in 25-dimensional space-time is obtained as 



oo 



w=~oo 



oo 



The scale of the mass is determined by the mixture of the string scale 1 / and the scale 
of compactification 1/R. Note that only winding closed strings, w 7^ 0, contribute. If we 
could neglect the tachyon contribution, the mass would go to zero in the limit of i? — 0, 
and the scalar field would become a brane moduli field of a D24-brane. In the limit of 
— > 00 the mass vanishes as expected, since the scalar field becomes a component of the 
gauge field on the D25-brane. The sign of the mass squared has an opposite correlation 
with the sign of the vacuum energy (—Ix "zero-point function" in our notation), which 
has already pointed out in Ref . [6J . 

Next, we consider in superstring theory one D9-brane with 9th space dimension com- 
pactified in circle of radius R. The story is completely parallel to the above bosonic string 
theory case, except for the difference of the number of space dimensions and inclusion 
of the contribution of world-sheet fermions and /37-ghost fields. The contribution to the 
two-point function from the closed-string NS-NS sector is 



X 

ui=— 00 



Here l/g"^ = T^^^{2TTa'y / gg. The contribution from the closed-string R-R sector differs 
only the part of the theta function. 



X 

w=—oo 



00 T 



y ds e-^-^^— ^ . i _ pA!^ . (83) 




The total two-point amplitude is 

47r 



poo ^2 

w'^ / ds 



X 

u)=— 00 





{'ri{is))^ 2 I \ ri{is) J \ ri{is) 
and the mass of the scalar field in 9-dimensional space-time is 

ml =g\2^Rf.{27^'^Nl) (85) 

1 \ (H^s)V (eSs)V (e2{isT^^ 



X 

w=—oo 



ri{is) J \ ■r]{is 
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As expected, the one-loop correction to the scalar mass vanishes due to the supersymme- 
try, which is realized in the above result through the identity 6^ — 6f — 62 = a^s exactly 
the same that happens in one-loop vacuum energy. Once the supersymmetry is broken 
the balance in the contributions from space-time bosons and fermions of the open string, 
or from NS-NS boson fields and R-R boson fields of the closed string, is also broken, and 
the non-zero value for the scalar mass emerges. In case that supersymmetry is broken at 
the string scale the scale of the mass should be determined by two scales: l/^/a' 

and 1/R. The sign of the mass squared depends on how the spectrum is modified by the 
supersymmetry breaking. 



4 One-loop masses by twisted closed string exchanges 

We consider a stack of D3-branes at a supersymmetric C^/Z^ orbifold singularity as a 
simple example. 

The Z3 transformation is defined as 

Z^^>{a, r) e±2™''Z(±)'^(a, r), r) ^ e±2"™''^l^)"(a, r), (86) 

where complexified world-sheet fields are defined as 

V 2 V 2 

for a = 1, 2, 3, and v = (1/3, 1/3, —2/3). In C^/Z-^ orbifold space, the space points which 
are connected by the above Z3 transformation are identified. (Here, the world-sheet fields 
are identified to the complexified six- dimensional space coordinates.) Therefore, 
there exist so called twisted closed strings which look like open strings with two edges 
identified by Z3 transformations. The world-sheet fields of such twisted closed strings 
should satisfy the conditions of 

Z(^)"((T + 27r,r) = e^27r*^"ZW'^(a,r), (88) 
V'f^"((T + 27r,r) = e-^'^^'e^^^^^Wa^^^^)^ (gg^ 

^/;i^^"(a + 27r,r) = e+2"*"e^2"'"»7/;i^^"((T, r), (90) 



or 



ZW"((T + 27r,r) = (e^2™.)2^{±)a(^^^^)^ ^g^^ 
7/'f)'^(a + 27r,r) = e-2-*"(e±'™'')'^i^^"(a, r), (92) 
^(±)'^((x + 27r,r) = e+2--(e±2™^)2V;i^)"((T,r). (93) 

Namely, there are two kinds of twisted closed strings. In the following we only consider 
the twisted closed strings which satisfy the first set of conditions, because another kind 
of twisted closed strings gives the same results. Since these conditions change the mode 
expansion of world-sheet fields, we have to reconstruct the boundary state, though the 
prescription is the same of that explained in section [2j 
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The mode expansion of twisted world-sheet boson fields Z^"^^"- ^, we simply write this 
fields as Z^^^ for a while, are given as 



m — — rv-~i ^ ' 



i(T-<7)(m+l/3) 

1 



f ^ «n.-i/3 e-^(^+<^)("^-V3) I (94) 



m — 1/3 ' 

m=— oo ^ ' 

+;;7^«-(n.-i/3)e^^^^'^^^-^/^^} (95) 

with (am+1/3)^ = Q;-(m+i/3) and (ctm-i/a)^ = <5-(m-i/3)- The quantization results the 
following algebra: 

[ttm+l/a, a-(m'+l/3)] = (m + l/S)Sm,m': [oim-1/3: <5;-(m'-l/3)] = (m - l/3)(5„,„i'. (96) 

We find no zero mode, and the twisted closed string is localized at the singularity. At the 
boundary, t — 0, the mode expansions can be written as 



oo 

zW(a,r = 0) = 



m=0 

oo 



^ym + 1/3 



iiT(m+l/3) 



+ E-^=h7^--V3e-(-^/^\ (97) 
^1 - 1/3 

oo 

Z(-)(a,r = 0) = ^ . .,, W/3e-^-(-+^/^) 



m=0 

oo 



V^ + 1/3 



+ E^^--V3e-^-^/^^ (98) 

- 1/3 



We defined boundary coordinate operators as 



where 



^m+l/3 = S^+1/3 + Ct-(m+l/3)) (99) 

^m-1/3 = 0^-1/3 + a_(r„_i/3), (100) 

Xm+1/3 = S_(^+i/3) + am+1/3 = (^m+l/3)^ (101) 

^m-1/3 = a_(^_i/3) + aj„_l/3 = (^m-l/3)^ (102) 



am±l/3 = "2" y^m ± ;^^ ^""^=^V3^ m>l' (103) 

1 ~ m>0 



a-(m±l/3) = -M/T^=f^^'^-(™±V3)> m>l' (10^) 

^ y m ± 1/3 
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«-(m±l/3) 



1 



2 ± 1/3 
^ 1 



2 y/mi 1/3 



m>0 

ttm±l/3; m>l! 



m>0 

a-(m±l/3), .m>l 



with 



a' 



(105) 
(106) 

(107) 



[0'm±l/3yO,-(m'±l/3)\ — -^^m,m', [flm±l/3? Q'-{m'±l/3)] — -^^m,m' 

The contribution to the closed-string boundary state corresponding to the open-string 
Neumann boundary condition can be obtained by following the prescription reviewed in 
section [2] using boundary coordinates Xm±i/3 and Xm±i/3 instead of xf^, x^, and x^. 
The contribution to the closed-string boundary state corresponding to the open-string 
Dirichlet boundary condition can be obtained by the dual transformation: a±(m-i/3) 
— (5±(m_i/3). There is no zero-mode contribution like 5(x^ — y'^)6{x^ — y^), because there 
are no operators corresponding to the zero-mode operators and x^ for twisted closed 
strings. The exactly the same arguments are applied to the world-sheet fields 
The same arguments are also applied to Z^"^^""^^ with the replacement of fa=i,2 = 1/3 to 

Va=3 = -2/3. 



The mode expansion of twisted world-sheet fermion fields 
this fields as for a while, are given as 



(±)a=l 



we simply write 



(+) 



/ J T'm+K— 1/3 



1/3) 



r7i=— oo 

oo 



(+) 



(10^ 



/ J T^m+K+1/3 



+1/3) 



(-) 



/ J T'm+K+1/3 



)(m+K+l/3) 



m=— oo 
oo 



(-) 



/ J T'm+K— 1/3 



— j(T— (T){m+K— 1/3) 



with (^^^i ,/o)f = / ^ and (^/'^~^/ ^-,/,)"f = ^ 

\T'm+K_l/3/ T'--(m+K-_l/3) v Y'ni+K+1/3'' ^ — (m+K+1/3) 

operator even in Ramond sector. The quantization results 
where, and from now on, 

rGZ + K-1/3, seZ + K + 1/3. 



,(-) 



(109) 



There is no zero-mode 



(110) 



(111) 



The fermionic boundary coordinate operators, Q^^^ and \ corresponding to the open- 
string Neumann boundary condition are defined as follows 



^W((T;r/) = ^i+^((T,r = 0) -r7#i+^((T,r = 0), 
(a; r/) = ^^7^ (a, r = 0) - r^i^/-!"^ (a, r = 0) 



(112) 
(113) 
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with 



More explicitly, 



(-) 



The anti-commuting relations 

{^y), elt^} = 0, {^1"), ^Ir^} = 0, {§i-^\ ^1")} = 

are satisfied independent from the value of rj. We define 



=0 



-ni-) 



(114) 



:ii5) 



(116) 



(117) 



for r,s > 0. The contribution to the closed-string boundary state corresponding to 
the open-string Neumann boundary condition can be obtained by using these boundary 
coordinate operators. The contribution to the boundary states corresponding to the open- 
string Dirichlet boundary state can be obtained by the dual transformation: tpi'^^ — > —tpi'^^ 
and tpi'^ — s> 

Since there is no zero-mode operator in Ramond sector (k = 0), we should reconstruct 
the ground state of R-R sector. For Dp-brane (p < 4) it can be obtained as 

\B^; ?7)g^ = (M^B)ab\a)R\b)R, (118) 
where \a)R and are four- dimensional spinor states with spinor indices a and b, and 



4D 



C4nr° ■ ■ ■ - 



l + ir] 



with C4D = r^r^ and = -ir^r^r^r^. This state satisfies the Neumann and Dirichlet 
boundary conditions for the zero-mode operators of four-dimensional space-time: 



(0) 



0, for/i = 0, 



0, for i = p + 1, ■ ■ ■ , 3. 



(120) 



:i21) 



A special care is required for the normalization factor of this Dp-brane boundary 
state. The normalization factor of the Dp-brane boundary state is determined so that the 
open-closed string duality is satisfied. Namely, it is determined from the condition that 
the vacuum amplitude which is obtained using Dp-brane boundary states should coincide 
with the twice of the open-string one-loop vacuum amplitude which is calculated using 
the open-string world-sheet formalism. Consider the case of a stack of D3-branes at a 
C^/Za singularity. The normalization factor is not that simple N^, but 



^3 Vx/2 



1 



Yl 2 sin(7r^;„) 



a=l 



tr (73-1) X 7V3 = Nj X tr (73-^) , 



(122) 



16 



where 73 is the matrix of Z3 operation on open-string Chan-Paton indices. For the adjoint 
state the factor tr(7^^) should be replaced by tr(73). The factor 1/3 in the square root of 
Eq. fll22p comes from the Z3 projection operator (1 + a + «^)/3, where a is the operator 

which generates the transformation of Eq. fl86l) . A dimension-full factor (l/ VSvra') comes 
instead of the momentum integration in six-dimensional space perpendicular to the three- 
dimensional space of D3-branes. The last factor in the square root of Eq. (I122p has already 
been introduced in Ref. pi] with a certain interpretation. 

Now, we construct the boundary state of the D3-branes at a supersymmetric C^/Z3 
singularity with the constant background field by introducing the boundary action S\ of 
Eq. (|64l) . Consider the background oi A = (A4-|-iA5)/-\/2 with A = aT, where T is a Chan- 
Paton matrix. Since the matrix T should non-trivially transform by 73 so that the state 
corresponding to A is invariant under the Z3 transformation, we have tr(T) = 0. The field 
a is not the brane moduli field, but a matter field in some non-trivial representation of 
the gauge group. The boundary action is described by dual bosonic boundary coordinates 
for Z^'^^"'^^ as follows. 

{00 00 

{00 _ 00 _ 

Although A (and S^) is the matrix valued, we replace Ahj a for a while, and consider the 
effect of the Chan-Paton matrix afterward. The boundary state before GSO projection 
is obtained almost the same as Eq. (!52l) by replacing Sa by the above with some 
special cares described above. The products in the eigenstates of boundary coordinates 
are modified as 

(x|x)|| 

{xd\xd)± 

idD\dD)± 

and the same for the others. 

The GSO projection of the state can be defined as described in section [H like Eqs.( l62i) 
and (163|) . but a special care is required. Since the twisted world-sheet fermion fields have 
non-trivial conformal weights, the corresponding vacuum states should have non-trivial 
world-sheet fermion number, or GSO parity. For NS-NS sector the vacuum state has GSO 
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2 °" ' 



, ^ ^ ^ ] VfifX^x^^ (124) 

m=l fi,u=0 

2 3 ^ 00 00 "I 

^ \ ^Dm+l/3^Dm+l/3 + ^ ^ Dm-1/3^ Dm-1/3 \ ' (125) 

a=l \^m=0 m=l J 

oo 3 

E '^^'^^rO:, (126) 

r>0 /j,v=0 

3 f OD oo ^ 

a=l I r>0 s>0 J 



parity exp(i7r(l/3 + 1/3 + 7/3)) = —1 and Eg. (162!) is changed as 

^ ^ \Bp] +1)ns = 2 (l-^pi +1)ns + \Bp; — 1)ns) = |-Bp)ns- (128) 

For R-R sector the vacuum state has GSO parity exp(i7r(2/3 + 2/3 — 4/3)) = +1 and 
Eq. (l63l) is not changed. 

Since the boundary action is hnear in dual boundary coordinates, we can exphcitly 
perform the following part of the functional integrals. 

|X"'5) = j e^^i e-i(^z,|xz,)+(at|at)-(at|x^)+(x^|at)|Q^^ ^^29) 

where 

oo oo 

Vx^^^^Vx^^^^Vx^^^^Vx'^^^^ = Y[ dXDm+1/3 dxo m+1/3 JJ dXDm~l/3 dxo m-1/3- (130) 

m=0 m=l 

The result is 



X'^'^) = g-(at|at)+2(at|#)+2($t|at)_2($t|$)|Q^ ^^^^^ 



with 



.a e~ 



where we take the canonical normalization of the scalar field as = a/g with l/g"^ = 
Tp^^{27ra')'^ / Qs assuming the normalization of tr(T"''T) = 1. This is the only modified 
part in the twisted closed-string D3-brane boundary state at a C^/Za singularity by this 
constant open-string background. The boundary state with this open-string background 
can be described as 

|S3;</.) = Ar3Te('^'l"')|ie-("'l^')+2(at|$)+2($t|st)-2($t|$)^_(,t|at)^,|Q^^ ^^33^ 

where \B^) is the world-sheet fermion contribution and (a^|a^)x' does not include the 
contribution from the space component of a = 1. The scalar background field appears in 
a more complicated way than in Eq.( !75|) . 

The "multipoint function" can be obtained from {B^, (f)\D\B3; (p) . For the "two-point 
function" , we have a simple formula 

A2 = {tr(73Ttr)tr(73-')+tr(73)tr(Ttr73-')} 

{-2($t|$)} {B-s; = 0\D\Bs; = 0), (134) 



X 



where we included the Chan-Paton factor which appears in the open-string one-loop cal- 
culation. The linear terms of $ in the exponent of Eq.f ll3ip do not contribute, because in 
open string picture the amplitude with only one vertex operator on one boundary vanishes 
due to tr(T73) = (or gauge invariance). We see that the amplitude is proportional to 
the open-string one-loop vacuum amplitude with a twist, which is dual of the amplitude 
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of a tree- level propagation of the twisted closed-string. The factor — 2($'''|$) is a divergent 
quantity that requires regularization through the analytic continuation. 



-2($t|$) = 2-||e 



i27r/3 



{OO _ CXD _ 

^m+l/3 ^m- 
m=0 ' m=l 



1/3 



= 3a'c/V0(27 + 31n3). 
We used the polygamma function defined as 



A:=0 



and 



y^ 



m=0 
oo 



m + 1/3 



y I 

^ m - 1/3 

m=l ' 



, , , , n^/S 3 In 3 

-^o(l/3)=7 + -^ + ^, 

, , , , TTv^ 3 In 3 

-V'o(2/3) = 7 - ^ + 



with 



A 



1 ( 1 



3 \v27ra 
Q 



\ 



JJ^ 2 sin(7rt>, 

a=l 

( 



2 r7(^s) 



1/3 




1/6 
1/2 

1/2 




7]{is) 



/e 



47r 

3 



2Ti^—m \-v, I ds 





1/2 



ri{is) 



{r]{is)y 

1/3 
1/2 



(135) 



(136) 



(137) 
(138) 



6 2 

The mass of the scalar field in D3-brane world- volume is obtained as 

-?>g^ (27 + 31n3) {tr(73rtT)tr(73-^) + tr(73)tr(rtr73-^)} x a' A'^JV, (139) 



1/6 
1/2 



9 



1/6 




e 



1/6 
1/2 



(140) 



where the generalized theta function is defined as [I^ 



a 
/3 



{z\t) = e2™(^+^)g"'/2 -Q _ ^n^) 



X 



n=l 

m+a-1/2 27r^(^+/3)^ 



m=l 
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with q = exp(27rir), and we used an abbreviation 



9 



a 
P 



9 



a 
P 



(142) 



This vacuum amphtude and the mass vanish due to the supersymmetry through the 
identity 



9 








9 



1/3 




9 





1/2 



9 



1/3 
1/2 



9 



1/2 




This identity is obtained from more general identity 



2lle 



1/2 
1/2 



[Xi T] 



i=l 
4 








1/2 




i=l 



9 





1/2 



1/6 




0. (143) 



1/2 
1/2 



(144) 



where 



(145) 



= (Xi + X2+ X3 + X^jl 
= {Xi - X2 - X3 + X4)/2 
= {Xi + X2- X3- X4)/2 
= (Xi - X2+ X3- Xa)/2 

Once the supersymmetry is broken, the modified spectrum gives finite values of the 
mass squared with sign determined by the signs of the vacuum energy and Chan-Paton 
factor. The scale of the mass is determined only by the string scale 1 / ^fa' in case of 
that the supersymmetry is broken by construction, for example, by non-supersymmetric 
singularities [26] , non-supersymmetric brane configurations [27] and so on. In case of that 
the supersymmetry is spontaneously broken by some dynamics at lower energy, the scale 
of the mass is determined by the string scale and supersymmetry breaking scale which 
may be introduced through the dimensional transmutation, for example. 



5 One-loop masses with brane SUSY breaking 

In this section we examine the non-trivial (non-vanishing) one-loop scalar mass in a consis- 
tent concrete non-tachyonic model with brane supersymmetry breaking [251 ITT l [2 ^ 150 1 . 
Consider the same C^/Zs orbifold singularity in the previous section, and put four D3- 
branes and three anti-D7-brane at the singularity. We take the Z3 operation matrices to 
these D-branes as 

73 = diag(l2,ali,a2li), (146) 

773 = I3, (147) 

where a = exp{i2n/3), la is ax a unit matrix. The subscript 73 means the anti-D7-brane 
which does not occupy the space dimensions of third complex coordinate. The twisted 
R-R tadpole cancellation condition 

3Tr(73)-Tr(773) = (148) 
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is satisfied and the gauge symmetry, U(2)xU(l)ixU(l)2xU(3), should be anomaly free. 
Though each of two U(l) gauge symmetries, U(l)i and U(l)2, on D3-brane is "anomalous 
U(l)" gauge symmetry whose anomaly is cancelled out by generalized Green-Schwarz 
mechanism [32], the diagonal U(l) gauge symmetry of them is "non-anomalous U(l)" 
gauge symmetry. Since the gauge boson of anomalous U(l) gauge symmetry becomes 
massive, we consider only the non-anomalous diagonal U(l) gauge symmetry in the fol- 
lowing. 

The massless spectrum on four-dimensional D3-brane world-volume is the following. 
There are Af = 1 supersymmetry gauge multiplets of U(2)xU(l) and chiral multiplets 
with the following U(2) xU(3) xU(l) quantum numbers: 

{^1,^1): (2*,l)+i, (149) 

(l,l)o, (150) 
($^,vl/»): (2,l)_i, (151) 

where a = 1, 2, 3. The D3-D73 and D73-D3 open strings give non supersymmetric spec- 
trum: 



01 : (2,3*)o, (152) 

4>2- (2*,3)o, (153) 

ipi- (l,3)_i, (154) 

V2: (l,3*)+i, (155) 



where (j)i^2 are massless complex scalar fields and ^/^i 2 are Weyl fermion fields. 

We estimate one-loop mass of the complex scalar field $2 which we simply call in 
this section. Note that this scalar field is singlet under all the non-anomalous gauge sym- 
metries, and the anomalous U(l) gauge interaction should give supersymmetric, namely 
zero, contribution to the one-loop mass. Non-trivial contributions should come from the 
following possible non-supersymmetric interactions: 

0(V^lV^2), (0V)(0l0l), (0V)(0^02). (156) 

The fermion loop due to the first interaction should give negative contributions to the 
mass squared, and the boson loop due to the second and third interactions should give 
positive contributions. Since the calculation of the coupling constants of these interactions 
is beyond the scope of this article, we do not make an observation on the sign of mass 
squared from low energy field theoretical point of view. 

The calculation in String Theory is almost the same in the previous section. The 
result is 

ml = 9g\2^ + 31n3)«' [3(^73 l^l^s) + {B^\D\Bs)] /V^, (157) 

where the vacuum amplitude (B^lDlB^) has already been given in Eq. (11401) and the 
vacuum amplitude {Bj^\D\Bs) is given as 

l/l\^ / / \ poo 2 
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The third terms in curly brackets of Eqs.f ll40|) and f llSSp represent R-R closed string 
exchanges, and the divergent massless tadpole contribution is cancelled out. Note that 
the sign of the term in Eq. fllSSp is opposite to the case of usual D7-branes. For the aim 
of the order estimate, we expand the integrant for large s and take only the leading term. 
The result is 

"^5lR-R = 9^?'(27 + 31n3)a'-(iV3^)2.27r2|-. (^-8-|-^ . (159) 

The first and second terms in the curly brackets of Eqs.f ll40|) and f llSSp represent 
NS-NS closed string exchanges. The divergence due to the massless states with tadpole 
couplings to D-branes is not cancelled out. 

/ /"OO 

[?,{B-,.^^\D\B^) + {B^\D\B^)]^^_^^ = {Nlf-27^^—V^-2 / rfs + finite. (160) 

The massless fields from NS-NS twisted sector with tadpole couplings, are identified as 
real scalar fields in Refs. [33l [M] , and the low energy effective action of the leading order 
is given. The tadpole resummation procedure, which has been proposed in Ref.[3S], is 
possible in case that the higher order contact interactions between the scalar fields and 
D-branes are known. In the present far as the author knows, the higher order 

interactions beyond the tadpole couplings are not known except for a suggestion of two- 
point contact interaction in Ref.[36]. Although we should stop here to keep the strictness 
of calculations, it may be useful to sketch how the tadpole resummation could actuary be 
carried out assuming a contact two-point interaction. Note that the following calculation 
is not the rigorous one but a demonstration. 

From Ref . [36] we expect that the coupling constant of the two-point contact interaction 
is proportional to the D-brane tension. Here, we assume that the coupling is given by 

= 2NJ/k,j,, (161) 

where 1 / k^d is the reduced Planck mass in four dimensional world- volume of D3-brane. 
The tree-level effect of the two-point interaction can be included by a kind of Dyson 
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resummation. Namely, 

{B;\D\Bs) ^ {BsIDmIBs) 

= {B^\D\B-i) + {B:i\DMD\B-i) + {B^\DMDMD\B-i) + 

{B^.^\D\B,) ^ {Br,\DMm 

= {Bf.^\D\Bs) + {B^.^\DMD\B^) + {Bj.^\DMDMD\B^) 

where operator M is defined as 

M= I d'^x5%x)\B,)i-Tl){Bs\ 



(162) 
(163) 

(164) 



which describes one insertion of the two-point interaction (or one bounce of the closed 
string on D3-brane). See Ref. [35] for the details of the definition of this operator. The 
explicit calculations give 



A' 



+ T[iNi/TirA 
where 

A = {B;\D\B,)/V,{N^)\ 
A' ^ {B-,.^\D\B,)/V,NlN^ 

include the same order of divergence with ultraviolet cutoff on s, and 



1 



(47r2a') 



3 vv27ra 

This NS-NS tadpole resummation gives 

NT 



2 sin(7rf 3) 



2 sin(7rf 1) ■ 2 sin(7rt'2) 



X N7 



(165) 
(166) 



(167) 
(168) 



(169) 



"^^Ins-ns = (27 + 31n3)«' 
In total 

ml = 9/(27 + 31n3)a' 



= 9/(27 + 31n3)a' ■ 2T^ 



"^NJ .2"' 8-3 

(^3 ) ■ 2vr — ■ 



K4D 



An 27r 



(170) 



(171) 



For quantitative arguments, we need to know more precise information on couplings of 
contact interactions between massless twisted NS-NS fields and D-branes. 



6 Conclusions 

The massless scalar states from the open strings, which are constrained to end on one 
stack of D-branes, are categorized in two types: one related with Wilson line degrees of 
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freedom and the other related with brane moduh. The open-string one-loop corrections 
to the masses of such scalar states can be calculated rather simply in the closed-string 
picture using the boundary state formalism. In case with broken supersymmetry, one- 
loop corrections give non-zero masses which have strong correlations with the values of 
the corresponding open-string one-loop vacuum amplitudes, or vacuum energies. The sign 
of mass squared is essentially determined by the sign of the vacuum amplitude. This may 
give a hint to construct explicit models with radiative gauge symmetry breaking in String 
Theory. 

It should be noted that the method in this article can not be directly applied to 
the massless scalar states from open strings whose two edges end on different stacks of 
D-branes. This kind of open strings are important in intersecting D-brane models, for 
example. Though, the method can be applied to investigate the fate of the massless adjoint 
scalar fields, further developments are required to discuss the fate of other massless scalar 
fields in intersecting D-brane models. 

In the string models with broken supersymmetry, like the model in section |5l there 
is a problem so called NS-NS tadpole problem [371 EHl [39]. The existence of uncanceled 
NS-NS tadpole couplings to D-branes, which happens in many string models without 
supersymmetry, means that the background metric and fields (B- field and dilaton field) are 
not the solution of String Theory. The actual difficulty in calculations is the appearance 
of the divergences in open-string one-loop corrections. Tadpole resummation |40| may be 
applied to avoid NS-NS tadpole problem with the method developed in Ref. [35] using the 
boundary state formalism. A sketch of the application is given in section [H 

It would be interesting to use the method in this article as a guide to construct explicit 
models with radiative gauge symmetry breaking. It would be much more interesting to 
construct pseudo-realistic TeV-scale string models with the radiative electroweak symme- 
try breaking, and to discuss their general phenomenology at future colliders and other 
experiments and observations. 
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